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The threat to marine species is
not just a cause for concern for
commercial reasons but for
scientific ones too. As reported
in the previous issue of Current
Biology (14: R1029–R1030), an
international team is now
uncovering many new marine
species. These are throwing
light on the diversity of marine
ecosystems and evolutionary
adaptations to a world far
removed from our terrestrial
home. But, as the study
progresses, marine ecosystems
are under increasing human
pressure and many species are
under threat as quickly as they
are discovered. Interest,
however, is not just in the new
discoveries, as many better-
known species still harbor
fascinating evolutionary and
physiological insights.
One such study by Fritsches
and colleagues, published in
this issue of Current Biology,
has examined one of the curious
physiological adaptations found
in swordfish, and other powerful
ocean predators, which are able
to raise their body temperatures
above that of the surrounding
ocean.
The swordfish, Xiphias
gladius, has a highly specialised
heating system in muscles that
specifically warm the eyes and
the brain up to 10–15oC above
the ambient water temperature.
Although the function of neural
warming in fishes has been the
subject of considerable
speculation, the biological
significance of this unusual
ability has remained unknown.
But now a team of
researchers has studied the
retinas from freshly caught
swordfish and other ocean
predators to examine the effects
of these higher temperatures on
their vision. The large eyes of
swordfishes suggest they are
highly visual predators, and the
team found that the retinas were
exceptionally sensitive to
temperature in terms of their
response to temporal resolution
and therefore response to rapid
motion. Given the speed and
manoeuvrability of the
swordfish’s often cephalopod
prey, such as the large flying
squids, warmer eyes may play a
key role in the chase. 
These results contrasted
with those from tuna retinas
which showed lower
temperature sensitivities. The
two tuna species studied
achieve whole-body warming
using vascular counter-current
heat exchange, quite different
from the mechanism used in
swordfish, lending support to
the idea that swordfish have
adapted to the pursuit of fast
prey into deeper waters whose
chilling effect might otherwise
have had a dramatic impact on
their vision.
Deep see: New evidence suggests swordfish warm their eyes and brain to help
them pursue fast-moving prey. (Photo: Oxford Scientific Films.)
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How did you come to biology?
By a very roundabout route,
mostly by eliminating things that
I didn’t like. As a teenager, I
wanted to see the world (of
course), and so when my father
lost his job and college tuition
was out of the question, I readily
chose to attend the U.S.
Merchant Marine Academy
because you could spend your
sophomore year sailing on
merchant ships. Alas, I found
out early on that most things in
life ‘tell’ better than they ‘live’.
And so when I graduated I
somehow got myself admitted
to Columbia as an engineering
student, although the only thing
I knew about engineering was
how to fix a marine diesel
engine and tie nautical knots. By
the time I finished my Ph.D. it
was clear that I didn’t enjoy
doing engineering very much
either, and so I decided to go
back to graduate school at
Berkeley in biophysics. That
lasted only a year, when the
singular event in my
professional life happened: I
found a mentor.
The heat is on 
Who was that? Aharon
Katchalsky, who was a visiting
professor at Berkeley at the time
and was looking for a student
who knew something about
thermodynamics. I had taught
thermodynamics at Columbia
during graduate school, and that
gave me the hubris to approach
Katchalsky, who was recognized
as one of the great experts in the
field. He must have seen through
my pretenses immediately, but he
was a kind man and, for reasons
I’ll never really understand, he
took me back to the Weizmann
Institute as a postdoc. That was
the turning point in my
professional life. I believe that,
for most scientists, a mentor is
nearly indispensable; it surely
was for me, and I could not have
imagined a better one than
Katchalsky. All I ever became as
a scientist I owe to his influence
and inspiration. Tragically, shortly
after my postdoctoral stint, he
was murdered at the Tel Aviv
airport by terrorists as he was
returning to become President of
Israel.
What were the other important
influences on your career?
Mostly my colleagues. When you
coauthor with people such as I
have, how can you fail?
What was the most important
career decision you have
made? After my postdoc, I
taught engineering at Berkeley
for two years, but my passion for
conservation issues steered me
toward modeling populations.
The entomology department at
Berkeley offered Simon Levin a
position as their resident
mathematical population
biologist and, when he turned it
down, he suggested they ask me.
They hired me, and so I became a
population biologist. Moving to a
biology department turned out to
be the best professional decision
I ever made. It forced me to teach
biology students and absorb the
culture of biologists that values
experiments and solving
particular problems far more than
general theories. In biology, I’ve
learned, it’s easier to make a
theory of everything than a theory
of something.
You have published in
population biology, evolution,
development, cell and
molecular biology and now
microbiology: how did you
decide what problems to work
on? Serendipity. The summer
after taking the job in population
biology I met Ed Wilson in a bar
at Woods Hole, and that led to a
book on ant castes. While
working with Ed, I met Bob May
at a Gordon Conference, and that
led to our work on population
chaos. Later, at another Gordon
Conference, I heard Beth
Burnside lecture on embryology
and that evening I met Garry
Odell. Together we started
working on a model for
gastrulation, and that launched
my morphogenesis period. About
then my new graduate student,
Pere Alberch, saw the
connections between our
morphogenesis models and
evolutionary trends, and that led
to my work in ‘evo-devo’. Then I
met Jim Murray, who invited me
to Oxford for a sabbatical
because he was interested in
morphogenesis too. That led to
more developmental biology
modeling and pattern formation,
and to cell motility. From there it
was but a short jump to modeling
molecular motors. A chance
meeting with Dale Kaiser at a
conference led me into modeling
bacterial locomotion and pattern
formation. It seems that, as I
grew older, my horizons
contracted to smaller things
rather than, as is more typical,
expanded to larger issues. 
What advice would you give to
a young scientist? Choose
colleagues and students smarter
than you are, and always be
generous in giving credit.
If you knew earlier on what
you know now, would you still
pursue the same career and
research path? You bet! As Rod
Laver once said, “I can’t believe
they pay me to do this!”
What has been your biggest
mistake in research? Early on, I
wasted a lot of effort pursuing
formalisms intended to answer
‘big’ questions. That was safe
because it was hard to be
proved wrong. Later, when I
started addressing particular
problems, I made so many
mistakes that it’s hard to pick
out the biggest one. But if you
don’t make mistakes, you’re
probably not thinking about
anything interesting. It’s
important that, when you do
make a mistake, you’re the first
to correct it! In biology, a
mathematical model is only a
temporary way of thinking about
a phenomenon. The next
experiment could be lethal.
Indeed, criticizing a model is like
harpooning a blimp: it’s
impossible to miss, and every
thrust is likely to be fatal.
Do you have a scientific
hero? My heroes are Aharon
Katchalsky, who made me a
scientist. And, of course,
Darwin, who, in my judgment,
had the best idea anyone ever
had.
So what has happened to
irreversible thermodynamics?
Did it ever contribute anything
to biological understanding?
Thermodynamics, reversible or
irreversible, never tells you
anything about mechanism,
although it can tell you when
something can’t work.
Irreversible thermodynamics is a
formalism that was useful for
correlating data on coupled flows
through membranes in the days
before much was known about
the structure and operation of ion
pumps and channels. Today it’s
mostly a design tool for
engineers in areas like
desalination and
electrochemistry.
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Same question about chaos
theory? What is its legacy
today in biology? Quite a few
mathematical fads have burst
onto the popular press,
promising great new insights
into biology: information theory,
catastrophe theory, chaos
theory, and most recently
complexity theory, to name just
a few. All were quite useful in
their founding fields (except
complexity, which has proven
slippery to even define), but all
failed to live up to their hype,
and faded from the public eye,
slinking back to the specialties
wherefrom they arose, and
where they still prove quite
useful. But none has really
contributed much to biology. As
for chaos, it is a mathematical
phenomenon that biologists
were well advised to be aware
of: that deterministic models
could mimic random variation in
some ways. But beyond that, I
can’t see that it has provided
any startling biological insights.
In physics and chemistry,
mathematical phenomena have
occasionally found amazing
correspondences in the real
world, but this has not happened
very much in biology, where
biological truths are not found in
mathematics, but in
measurements. Someday this
may change, but I don’t foresee
it happening any time soon. 
What do you think are the
hardest questions in
biophysics in the coming
years? Too many to name!
Everywhere I look I find puzzles
that confound me. The big
questions in biophysics, like how
do proteins fold, how do protein
motors and pumps work and how
to build really useful nano-
devices, will probably be solved
incrementally, by many
researchers, combining
information from many
experimental and theoretical
tools, rather than, like relativity,
through a single brilliant insight. 
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A small Alpine mammal with a
last-confirmed sighting 42 years
ago was believed to be extinct.
But the Bavarian short-eared
mouse, a rodent that lives in a
remote part of the Alps, has
made a surprise comeback.
A German zoologist last
spotted the rare mammal in 1962,
after discovering the species in
Bavaria. Zoologists have been
fruitlessly searching for Microtus
bavaricus ever since. This
location was drastically altered
by the construction of a hospital
at the site and no specimens
were found after this date.
But since 2000, it had been
suspected that a small
population may have existed just
over the border in Austria. And
last month it was confirmed that
the species was still alive and
well and living in the Austrian
mountains. An Austrian scientist,
Friederike Spitzenberger,
stumbled upon it in one of her
‘live traps’ from which it was later
released.
Spizenberger, who works at
Vienna’s Natural History
Museum, said the mammal
looked similar to other species.
But it was, in fact, a separate
species that had evolved 10,000
years ago in the last ice age, after
becoming isolated in the Rofan
mountains, just across the border
from the German Alps.
“Technically, it’s not a mouse
but a vole,” she said. Voles tend
to look alike, she said. And
accidents of history and
geography have created a
number of isolated species that
often look very similar.
“They all have tiny ears and
short tails. You have to look at
their teeth to tell them apart. But
the only real way to tell is to
examine the genetics.”
She added: “The animal is
extremely rare. Probably only a
few hundred of them exist. We
now have to make sure they
don’t die out.” Spitzenberger said
she found the individual in
August in an isolated spruce
forest in the mountains.
But it was only after examining
its chromosomes and comparing
DNA with that of a stuffed
specimen that she was able to
identify it as a member of the lost
species.
There are only a handful of
indigenous species in central
Europe, most of them ‘remnant’
populations. She said because of
intense management of forests,
several of Europe’s species are in
danger.
Back again: The Orkney vole (above) survives but another of Europe’s isolated
species thought extinct has been rediscovered in the Austrian Alps. (Photo: Oxford
Scientific Films) 
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